Background. Human immunodeficiency virus (HIV)-infected individuals have increased risk of cancer. To our knowledge, no previous study has examined the impact of socioeconomic position on risk and prognosis of cancer in HIV infection.
The introduction of antiretroviral therapy has led to a tremendous decline in AIDS-related mortality and AIDSdefining cancers, and as human immunodeficiency virus (HIV)-infected individuals now live longer, the incidence of non-AIDS-defining cancers are increasing [1, 2] . Incidence of Hodgkin lymphoma, and lung, anal, and liver cancers seem to be higher among HIV-infected individuals, and may be related to a higher prevalence of oncogenic viruses (human papillomavirus, hepatitis C, and hepatitis B) combined with a higher exposure to oncogenic carcinogens (eg, tobacco smoking, alcohol consumption) [3, 4] . Additionally, the relative impact of factors such as immunodeficiency, chronic immune activation and inflammation, and changing age distributions among HIV-infected individuals on the increased risk of certain cancers among HIV-infected individuals remains unclear [1, 2, [5] [6] [7] [8] .
Despite access to universal HIV healthcare in many industrialized countries, increased socioeconomic inequality in mortality among HIV-infected individuals has been observed, and socioeconomic inequity seems to increase compared to the background population [9] [10] [11] [12] . Further, raised incidence of lung and head and neck cancers among parents of HIV-infected individuals has been detected, indicating an association between risk of cancer and lifestyle-related factors that may differ from what is observed in the background population [13, 14] .
Socioeconomic inequalities in risk and survival following cancer have been demonstrated in the background population [15] [16] [17] [18] [19] [20] [21] , but to our knowledge no previous study has examined socioeconomic inequalities in risk and prognosis of cancer in HIV infection. Incentives to identify high-risk individuals or possible carcinogenic exposures are crucial to guide preventive strategies among HIV-infected individuals, and we hypothesize that socioeconomic inequity in HIV infection may differ from what is observed in the background population.
In a nationwide, population-based cohort study, we aimed to estimate the association of educational level, as a proxy of socioeconomic position, with the risk and prognosis of cancer among HIV-infected individuals and in a comparison cohort from the background population.
METHODS

From the Danish HIV Cohort Study (DHCS) and National
Danish registries, we constructed nationwide, populationbased cohorts of HIV-infected individuals and population controls individually matched on sex, country of birth, and age. For these cohorts, we estimated incidences and relative risks of (1) all, (2) infection-related, (3) tobacco-and alcohol-related, (4) ill-defined, and (5) other cancers; and survival following cancer. All analyses were stratified by educational level.
Data Sources
DHCS includes all HIV-infected individuals, ≥16 years at time of HIV diagnosis, who received care in 1 of 8 specialized HIV centers in Denmark. Data in DHCS are updated annually and include date of HIV diagnosis, demographics, route of infection, AIDS-defining disease, antiretroviral treatment, and continuous CD4-cell and HIV-RNA measurements. Enrollment began in 1995 and follow-up is ongoing. DHCS is further described in detail elsewhere [22] .
We used the unique 10-digit civil registration number assigned to all Danish residents to link data from the DHCS with data from the following registries:
Civil Registration System
The Civil Registration System (CRS) contains information on vital status, country of birth, and migration for all Danish residents. Data are consecutively updated [23] .
The Attainment Register
The Attainment Register includes data on successfully completed educational attainments collected directly from all Danish educational institutions for all Danish residents. Ninety-seven percent of the Danish-born population and 85%-90% of the immigrant population has nonmissing data. Data are updated annually [24] .
The Danish Cancer Registry
The Danish Cancer Registry (DCR) includes data on topography, morphology, stage at time of diagnosis, and date of diagnosis on all Danish residents diagnosed with cancer since 1943. Cancer diagnoses are recorded according to International Classification of Diseases 10th revision (ICD-10), and are based on electronic notification from hospitals and physicians involved in treatment. Reporting is mandatory, and reminders based on linked data collected from the Cancer Registry in the Danish National Patient Registry [25] , the Danish Pathology Register, and the Danish Register of Causes of Death [26] are sent to physicians and hospitals involved in treatment. DCR is subject to control routines (eg, manual coding and validation of data, including checking for multiple tumors; validation for metastases and missing morphology; and coding of tumor from death certificates). As the registry extracts data directly from the Danish Pathology Register, the proportion of morphologically verified tumors based on histological examination by a pathologist is 89% [27] .
Danish National Registry of Causes of Death
The Danish National Registry of Causes of Death contains information on date and causes of death on all Danish residents. Causes of death are registered according to ICD-10, and are updated annually [26] .
Study Population
We included all HIV-infected individuals who (1) were HIV-1-infected, (2) were alive and living in Denmark at time of study inclusion, (3) were born in Denmark, (4) had available educational data, (5) had no cancer diagnosis prior to study inclusion, (6) did not report intravenous drug use (IDU) as the route of transmission, and (7) were not coinfected with hepatitis C virus (HCV) at study inclusion. IDU and HIV-infected individuals coinfected with HCV were excluded, as these subpopulations differed in respect to all clinical outcomes, including response and adherence to combination antiretroviral therapy (cART) compared to the general HIV-infected population [28, 29] .
For each HIV-infected individual, 7 population controls individually matched on age and sex were identified from the CRS to constitute a background population comparison cohort. We included population controls who (1) were alive and living in Denmark at time of study inclusion, (2) were born in Denmark, (3) had data on educational attainment, and (4) did not have a cancer diagnosis prior to study inclusion. Population controls were assigned the same date of study inclusion as their corresponding HIV-infected individual.
Exposure Variables, Outcomes and Covariates
Exposure Variables
From the Attainment Registry, we extracted data on the highest educational level achieved by the calendar year of study inclusion. Educational levels were grouped into the following 2 categories: low educational level: ≤9 years (mandatory); high educational level: >9 years of education (mandatory and vocational or formal) [24] .
Outcomes
Cancers were categorized according to ICD-10 codes and most prominent of known carcinogens [30, 31] . Although etiologies to cancers are often multifactorial, we categorized cancers according to the carcinogens rated as the most contributing factors for specific cancers in high-income countries [32] . Cancers were categorized as: (1) all; (2) infection-related, including Kaposi sarcoma; non-Hodgkin lymphoma; Hodgkin lymphomas; vulva, cervix uteri, penile, and anal cancers (ICD-10 C46; C82-86, C53; C81; C51, C60, C21); (3) tobacco-and alcohol-related, including cancers of the head and neck, lung, larynx, trachea, esophagus, stomach, liver, pancreas, and kidney (ICD-10 codes C0-14; C15, C16, C22, C25, C30-34, C39, C64, C67); (4) ill-defined, including ill-defined or unknown tumors (ICD-10 codes: 76,77,78,79,80); and (5) other, including remaining cancers.
As HIV-infected individuals coinfected with hepatitis C were excluded from the study, liver cancer was included in tobaccoand alcohol-related cancers. Nonmelanoma skin cancers were not included in the analyses.
Date of death was identified in Danish National Registry of Causes of Death.
Statistics
Observation time was calculated from the latest of date of HIV diagnosis, 1 January 1995, or date of immigration; until the earliest of date of first cancer diagnosis, date of death, emigration, or 31 December 2011.
Incidence rates were estimated as numbers of cancers per 10 000 person-years (PYR). A cumulative incidence function was used to estimate cumulative incidence of all, infection-related, tobacco-and alcohol-related, ill-defined, and other cancers, with remaining categories and death as competing risk. The cumulative incidence function stratified by educational level was illustrated graphically.
Incidence rate ratios (IRRs) for all, infection-related, tobaccoand alcohol-related, ill-defined, and other cancers for HIVinfected individuals and population controls with high and low educational level were estimated using Poisson regression models adjusted for age as time-updated variable at 5-year intervals, sex, and calendar year of study inclusion.
In survival analyses, follow-up was calculated from date of cancer diagnosis until date of death, emigration, or 31 December 2011. Survival following cancer diagnosis was estimated using Kaplan-Meier methods.
The study was approved by the Danish Data Protection Agency. Data analyses were performed using SPSS version 19.0, Stata version 12.0, and R version 3.0.2 software.
RESULTS
We identified 3205 HIV-infected individuals who fulfilled the inclusion criteria and who were followed for a total of 27 662 PYR (Table 1) . One hundred forty-nine HIV-infected individuals were excluded due to cancer prior to study inclusion, and a further 730 HIV-infected individuals reporting IDU or coinfected with hepatitis C were excluded. Seventeen HIV-infected individuals were excluded due to missing data on educational attainment.
Among the HIV-infected individuals included in the study, 770 (24.0%) died, 78 (2.4%) emigrated, and 2 (0.06%) were registered as lost to follow-up. We identified 22 435 population controls that were followed for a total of 245 407 PYR. Among population controls, 1576 (7%) died, 288 (1%) emigrated, and 10 (0.04%) were lost to-follow-up. Among HIV-infected individuals, 2170 (68%) and 1035 (32%) had high and low educational level, and these numbers were 15 765 (70%) and 6670 (30%) among population controls.
During follow-up, 333 (10.4%) HIV-infected individuals and 1178 (4.7%) population controls were diagnosed with cancer; of these, 31 HIV-infected individuals (16 infection-related, 3 tobacco-and alcohol-related, 6 ill-defined, and 6 other cancers) and 12 population controls (1 infection-related, 3 tobacco-and alcohol-related, and 8 other cancers) were diagnosed within 3 months of study inclusion. Median ages at cancer diagnosis were 43.4 Table 2) .
Incidence of Cancer Stratified by Educational Level
Cumulative incidence of all, infection-related, tobacco-and alcohol-related, ill-defined, and other cancers stratified by education level among HIV-infected individuals and population controls are illustrated in Figures 1 and 2 .
Low educational level was associated with an elevated risk of all cancers among HIV-infected individuals, whereas the association between educational level and risk of cancer among population controls was smaller (adjusted IRRs: 1.4 [95% CI, 1.1-1.7] vs 1.1 [95% CI, .9-1.2]) ( Table 3) .
Among HIV-infected individuals, educational level was not associated with infection-related cancers, but population controls with a low educational level had an increased risk of infection-related cancers, although not statistical significant (adjusted IRR: 1.4 [95% CI, .8-2.4]) (Table 3) .
Low educational level was associated with a substantially increased risk of tobacco-and alcohol-related cancers among HIV-infected individuals (adjusted IRR: 2.1 [95% CI, 1.3-3.3]) whereas the adjusted IRR was increased but to a lesser extent among the population controls (1.3 [95% CI, 1.1-1.6]).
Low educational level was not associated with increased risk of ill-defined cancers among HIV-infected individuals or population controls. However, low educational level was associated with increased risk of other cancers among HIV-infected individuals but not among population controls (adjusted IRRs: 1.7 [95% CI, 1.1-2.8] vs 0.9 [95% CI, .7-1.0]) (Table 3) .
Survival Following Cancer Diagnoses
Survival following all, infection-related, tobacco-and alcoholrelated, ill-defined, and other cancers stratified by educational level is illustrated in Figures 3 and 4 . Survival following infection-related cancer among population controls is not shown due to the limited number of cases.
One-year-survival following all cancers did not differ substantially between educational strata among HIV-infected individuals (62.9% vs 58.6%; difference, 4.0% [95% CI, −6.6-15.2]), but was substantially higher among population controls with high compared to low educational levels (74.9% vs 64.8%; difference, 10.1% [95% CI, 4.2-16.0]).
In contrast, the 5-year-survival was markedly higher among HIV-infected individuals with high compared to low educational levels (50.3% vs 30.3%; difference, 20.0% [95% CI, 9.4-30.6]), and the difference was higher than observed for population controls (46.0% vs 39.8%; difference, 6.0% [95% CI, .0-12.4]).
HIV-infected individuals with a high educational level had a 5-year-survival almost similar to that of the population controls with a high educational level, whereas population controls with a low educational level had a markedly higher 5-year-survival compared to HIV-infected individuals with a corresponding One-year and 5-year survival following tobacco-and alcoholrelated cancers were low in all groups irrespective of educational level, which is why we were not able to make meaningful estimates of differences in long-term survival following these cancers (Figure 4) .
For ill-defined cancer, HIV-infected individuals with a low educational level had lower survival than HIV-infected individuals with a high educational level and population controls with high and low educational levels ( Figure 4) . For other cancers, 1-year and 5-year survival did not differ by educational level among HIV-infected individuals or population controls. One-year survival was lower among HIV-infected individuals compared to population controls, whereas 5-year survival did not differ markedly (Figure 4 ).
DISCUSSION
In this nationwide, population-based cohort study, we observed an increased risk of cancer in HIV-infected individuals with a low educational level, which was mostly related to a substantially increased risk of tobacco-and alcohol-related cancers. Furthermore, the association was stronger among HIV-infected individuals than among population controls. Five-year survival following cancer was markedly lower among HIV-infected individuals with a low educational level, and was mainly due to differences in long-term mortality following infection-related or ill-defined cancers.
To our knowledge, this is the first nationwide, populationbased cohort study to estimate the impact of educational level on risk and survival following cancer among HIV-infected individuals. HIV-infected individuals have an increased risk of certain types of non-AIDS-defining cancers [1, 2, 33] , which we also observed in this study. A major part of the excess risk among the HIV-infected individuals was attributable to infection-related cancers, which is to be expected as infection-related cancers include AIDS-defining cancers.
We detected an increased lead-in incidence of cancer among HIV-infected individuals during the first months following HIV diagnosis. The increased incidence around the time of HIV diagnosis might be explained by the fact that HIV infection often is detected during contact with the healthcare system caused by other health-related problems (eg, cancer) [34, 35] .
Educational level was included as a proxy of socioeconomic position, as it remains stable over adult life regardless of health status, whereas income or employment are more prone to fluctuate, especially around the time of disease onset [36] . Furthermore, in a previous study we have demonstrated that employment fluctuates around the time of HIV diagnosis [37] .
The association between educational attainment and risk of certain types of cancers remains unclear, but could be related to the uneven distribution and clustering of numerous risk factors across different socioeconomic groups. Educational level is often completed early in adult life, and the association Table 3 between educational level and later risk of cancer will therefore also reflect early adult life, and some risk factors might have been present prior to HIV diagnosis [36] . A number of lifestyle-related risk factors, such as smoking, alcohol consumption, and obesity, have been shown to cluster in lower socioeconomic groups [38, 39] , which support our findings of a strong association between educational level and risk of tobacco-and alcohol-related cancers. This association seems to be stronger among HIV-infected individuals compared to what is observed in the background population. In line with these findings, Helleberg et al [40] have recently shown that the share of smokers is higher among Danish HIV-infected individuals compared to the general Danish population, and that a majority of the increased mortality observed among HIV-infected individuals could be associated with smoking. Additionally, HIV infection might be associated with increased exposure to different oncogenic viruses, such as human papilloma virus (HPV). The prevalence of HPV has been shown to be higher among HIV-infected individuals [41, 42] , and there might be a synergistic interaction between tobacco smoking and HPV associated with the risk of head and neck cancers, oral cancers, and lung cancers [6] . Synergistic effects of different carcinogenic factors combined with the immunodeficiency derived by HIV infection is unclear, but in a recent study, no difference in HPV prevalence in tumors from head and neck cancers among HIV-infected individuals compared to the general population was observed [43] .
As the study is based on register-based data, the proportion of men who have sex with men (MSM) among population controls was not known, but the proportion of MSM in our study population was 64%, and therefore much higher than what would be expected in the comparison cohort from the background population. Additionally, the proportion of MSM among HIV-infected individuals with a high educational level was higher than the proportion of MSM among HIV-infected individuals with a low educational level. We therefore cannot exclude that our estimates are influenced by unmeasured and residual confounding.
The risk of ill-defined cancers was substantially higher among HIV-infected individuals than among population controls. Some AIDS-defining cancers not histologically verified might have been misclassified as ill-defined. However, Kaaks et al [44] found a nearly 4-fold higher risk of ill-defined cancers among smokers compared to never smokers in a non-HIVinfected population, and part of the ill-defined cancers in our study might also have been tobacco-and alcohol-related cancers misclassified as ill-defined or unknown.
No clear conclusions can be extracted for other cancers among the HIV-infected individuals. The category of other cancers includes a broad variety of cancers, and includes some cancers that occur more frequently among individuals with a low socioeconomic position (eg, stomach and rectal cancers) and some cancers that occur more frequently among individuals with a high socioeconomic position (eg, prostate, breast, and colon cancers) in the general population [18] . The lack of association between educational level and risk of other cancers among population controls might reflect the sum of these opposing risks. However, due to the limited number of other cancers diagnosed in our study, we were not able to estimate risks of specific cancer subtypes.
Previous studies have found associations between educational level and all-cause mortality among HIV-infected individuals [9, 12, 45, 46] , and the excess 5-year mortality among HIVinfected individuals with a low educational level observed in this study might reflect an underlying increased mortality not directly related to cancer. Additionally, we observed that 5-year survival among HIV-infected individuals with a high educational level appears to be higher than the 5-year survival among population controls with a high educational level. This finding might reflect the improved prognosis following AIDSdefining cancers among HIV-infected individuals with resorted immune function as the result of initiation of cART.
Jemal et al [47, 48] found that individuals from the background population with a low educational level had a 38%-48% increased mortality and that the increased mortality was associated with reduced access to healthcare, higher barriers to seek healthcare, and higher exposure to oncogenic risk factors such as smoking. In a previous study, we did not find any substantial differences in time to initiation of cART, response in CD4 cell count, or viral load to cART among Danish HIV-infected individuals when analyses were stratified by educational level [12] . But we identified an increased mortality among HIV-infected individuals with a low educational level, and the educational gradient in mortality was greater than what was observed among population controls. In the background population, associations between educational level and survival following cancer has been found to be partly mediated by stage at diagnosis, comorbidity, and lifestyle-related factors, but not or to a very limited degree with an educational gradient in cancer treatment [17, 39] . Our data did not allow us to explore these associations.
Major strengths of our study are the nationwide, populationbased design with long follow-up, and the high quality and almost complete coverage of Danish registries. Further, the study includes a comparison cohort from the background population matched on age, sex, and country of birth.
Our study also has some limitations. Due to the observational design of our study, we cannot conclude on any causative relation or specific mechanisms behind the findings, and the results require further investigation. Further, as data are registry-based, it was not possible to include information on HPV status, smoking, or alcohol consumption. The study population included in the analyses represent HIV-infected individuals in a Danish setting, which is why our estimates may not be generalizable to populations with other exposures to oncogenic risk factors or genetic dispositions.
To minimize confounding from migration, we only included HIV-infected individuals born in Denmark. However, HIVinfected populations are multiform with respect to ethnicity, which is why our estimates of educational inequity in risk of cancer may not be generalizable to all HIV populations. Further, we excluded all HIV-infected individuals reporting IDU or coinfected with HCV, as characteristics and risk factors of this subpopulation differ substantially from the remaining HIV-infected individuals with respect to mortality, morbidity, and adherence and response to cART [28, 29, 49] . Additionally, in Denmark, the majority of HIV-infected individuals coinfected with HCV have been infected through IDU [50] , which may differ from what is observed in other settings. One hundred fifty-five HIV-infected patients were diagnosed with chronic hepatitis B, and exclusion of these individuals from the study population did not change our estimates substantially.
In conclusion, our results indicate educational inequity in risk of some types of cancers (especially tobacco-and alcohol-related) among HIV-infected individuals, and the association was stronger among HIV-infected individuals than what was observed in the background population. Furthermore, low educational level was associated with decreased survival following cancer among HIV-infected individuals.
Notes
